PROPOSAL OF VENTRICULAR WALL MODEL CAPABLE OF GIVING ANY MAXIMUM ELASTANCE  by Miyawaki, Fujio & Miyazawa, Yoshihiro
Heart Failure
E967
JACC March 27, 2012
Volume 59, Issue 13
PROPOSAL OF VENTRICULAR WALL MODEL CAPABLE OF GIVING ANY MAXIMUM ELASTANCE
ACC Moderated Poster Contributions
McCormick Place South, Hall A
Monday, March 26, 2012, 9:30 a.m.-10:30 a.m.
Session Title: Stem Cells, Genetics, and Models of Heart Failure
Abstract Category: 15. Heart Failure: Basic
Presentation Number: 1232-534
Authors: Fujio Miyawaki, Yoshihiro Miyazawa, Tokyo Denki University, Saitama, Japan
Background: Maximum elastance (Emax) is a good index of ventricular contractility, but it is not easy to really realize how the left ventricle (LV) 
contracts while several pressure-volume loops (PVLs) are giving an Emax. To identify a key factor to reproduce any Emax, we conducted experiments 
using a mock circulation for heart failure.
Methods: The LV consisted of its housing, a computer-controlled pusher-plate pump, a thin silicone-rubber sac (LV sac) and a fluid filling the 
space outside the sac. The housing had a tall cylindrical tank containing the fluid and air. When the pump was pushing the fluid, the fluid was first 
rising in the air tank, compressing the air, and increasing the pressures of the air and LV until the aortic valve opened, thus realizing isovolumic 
contraction. The volume of fluid entering the air tank was determined by measuring the air-fluid boundary with a high-speed video camera. The 
volume of fluid moved by the pump was determined by measuring the distance of the pusher-plate with a laser displacement meter. The change in 
LV volume was obtained by subtracting the former volume from the latter. This method gave a measurement error less than ± 0.11 mL in the end-
systolic LV volume. We examined how the amounts of air (AA = absolute pressure x volume) in the air tank influenced Emax.
Results: While the AA was kept constant (17.41 kPa*L), we obtained 12 PVLs by changing both preload and afterload. The regression line 
obtained from the 12 end-systolic points, whose pressures ranged from 44.4 to 287.3 mmHg, had a slope of 7.26 mmHg/mL and its coefficient 
of determination (R2) was more than 0.994. This allowed us to conclude that the PVLs had a single Emax. The Emax was still constant even when 
the pump was moved at 5 different speeds. Two more AAs (14.80 and 20.35 kPa*L) resulted in two regression lines with slopes of 8.62 and 6.26, 
respectively (R2 > 0.994). Multiple regression analysis revealed that these three values of Emax were significantly different (P < 0.0001). We also 
found that the relationship between Emax and AA had a regression curve: Emax = 130.0 / AA - 0.20 (R2 > 0.997).
Conclusion: We propose a model in which the ventricular wall is composed of a pusher-plate pump and an air sac whose air amount controls 
Emax.
